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^Thb  refXMt  describes  Bte  methods  used  to  obtain  theis  of  chikungMiva  virus 
with  suspension  cultures  of  BHK-21-dofK  13  cells.  The  cells  were  grown  at  37  C  to  a 
cell  concentration  of  10*  to  2  x  10*  per  ml.  Alter  maximum  cell  growth,  the  cells 
were  inoculated  with  chinmgMny3,>’inis_:ita  multiplicity  of  1  to  2  30%  suckling 
mouse  intraceidval  lethal  doses  ^ '‘Ml  I/'.,.;  per  cd  in  the  spent  Ogle’s  minimum 
essential  medium  for  suspemion  dilnjes  (ME^),  or  the  oeO  cultures  were  centri¬ 
fuged  at  200  X  g  and  lemspended  in  eidier  MEMS  or  medium  199  prior 
to  inoculation.  The  medium  used  had  no  clfect  on  virus  tiler.  The  inoculaled  cultures 
SKR  inciibaled  at  34C  untQ  the  cell  viabiity  dropped  to  30^,  sdiich  usualy  oc¬ 
curred  2S  to  30  hr  posdnoonlatioiL  After  these  procedures,  chinmgunya  viras  tilers 
of  kgm  10.3  to  1 1 J  SMICLD^a  per  nd  srere  obtMKd. 


rhftw^ngn  vum  — s  tnl  iwfoled  by  Korn 

07)  dng  an  onforeak  of  dmpreJfoe  fever  in 
TmMim.  Africa,  in  I9S3.  ^dhregumi 
cpidamctofilrnpn  arfrwThnvrbrrniwuidfd 
it  nnftHd  OS),  hnia  0«.  J^»t  (IQ.  mA 


dbense  (4-7,  IS),  no  information  on  dm  growth  of 
tfab  viras  in  sahmerged  cel  cakiac  is  avniride.  A 
unvqr  of  the  hlcntiHC  revealed  that  monohyer 
adtnres  of  chkk  fibrobhst  (9),  Veto  (10),  and  FL 
cels  (13)  have  been  used  to  establidi  growth 
curves  of  the  virus.  However,  optimum  parauK- 
ten,  such  as  cel  concentrMion.  mufopSci^y  of  »- 
fection,  and  incubation  temperatures,  have  not 
been  estabKdied  to  obtain  maximum  viras  tileis. 

A  prelimhiaiy  study  was  made  to  select  a  cdl 
Hoe  tet  srould  grow  in  suspension  awl  produce 
high  virus  tilers.  It  sras  fou^  from  these  studies 
that  BHK.-21-clone  13  cells  (baby  hamster  kidney 
fibrobiasts)  adapted  to  grow  in  suspension  cul¬ 
tures  by  using  the  procedure  described  by  Cap- 
stick  et  al.  (2)  supported  rapid  growth  a^  hi^ 
titers  of  chikungunya  virus.  Thb  report  defines 
the  procedures  used  to  grow  chikungunya  virus 
in  suspension  cultures  of  BHK-21 -clone  13  cells. 

MATCRIALS  AND  MEIHODS 

Cdl  cakwe.  The  cdl  line  used  throughout  thb  study 
was  baby  hamster  kidney  (BHK-21 -clone  13)  initiaUy 
obtained  from  the  American  Tyix  Cuhure  Collection. 
The  origin  of  BHK-21  has  previously  been  described 
by  Maepherson  and  Stoker  (12). 

Viras  seed  stock.  A  seed  stock  of  chikungunya  virus 


of  cMown  ^  and  by  a  1^4W  iwieaae  in  NaHiiO.. 
Mar  to  use;  10%  by  vohnae  of  aaiurlawsl  Tryploae 
phorphalc  broth  (Difoo)  and  10%  by  vokune  of 

^a - ■  __aw - — - —  .a .a,  a  »  —  - • —  — -a> - 

iMcraiCB  SQmwBvaooca. 
vne  grown  in  the  presence  of  0lI2%  metliyicclulose 
of  ISccnlipoise  vocosky.  The  conccnliwioa  of  anti¬ 
biotics  used  was  the  same  as  described  for  MEM. 

Medfo:  weftwi  199L  Medium  199  was  prepared  as 
described  by  Merchant  ct  aL  (14)  fortified  with  ^ 
calf  serum  and  0.1 2%  methyloeOulose  (ISccntipoise). 

CeOs  were  cultured  in  suspension  in  cylindrical 
Pyrot-jneketed  Bellco  spinners.  The  volume  of  cuhure 
used  (400  ml)  occupied  about  one-half  of  the  vesseL 
The  cukurcs  were  stirred  by  Teflon-coated  bar  magnets 
agitated  by  mechanically  propelled  external  magnets. 
The  cultures  were  incubated  at  37  C. 

Vessels  far  vkw  prodnrtloa.  The  vessek  used  for 
virus  growth  studies  were  the  Pyrex-jacketed  Bellco 
spinners  or  l-Iher  Erlenmeyer  shake  flasks  containing 
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Table  I.  Preliminary  siiulies  on  the  yield  uf  ehikuiigunyii  vims  in  BHK-21 
suspension  cells  in  different  media" 


E^xpl 

Meflium 

\o.  of  BIIK  cells 
|ier  ml 

Time  (hr)  after 
inoculati.m 

Virus  titer  !lof{ni 
SMKXint  ml) 

1 

Spent  MEMS  plus  10'  ,'  calf  serum 

1.8  X  10* 

16 

8.9 

24 

10. 1 

30 

>10.0 

40 

8.8 

48 

9.0 

Fresh  MEMS  plus  10*  ;  calf  serum 

1.8  X  10* 

16 

10.0 

24 

10.3 

30 

>10.0 

40 

8.5 

48 

9.1 

2 

199  plus  5' ;  calf  serum 

1.14  X  10* 

21 

9.8 

24 

9.5 

28 

10.9 

Fresh  MEMS  plus  10* ;  calf  scrum 

1.4  X  10* 

21 

9.7 

24 

10.1 

28 

11.2 

"  Abbreviations;  MEMS,  Eagles  minimal  essential  medium  for  sus|)ension  cells;  SMICLD:,^,  50','J  suck¬ 
ling  mouse  intracerebral  lethal  dose. 


400  ml  of  medium.  All  virus-infected  cells  were  main¬ 
tained  at  34  C. 

.-VdaptatkMi  of  BHK-21-clo«e  13  cells  to  sKspension 
colfre.  BHK-21  -clone  1 3  cells  that  were  grown  in  8-0/ 
(ca.  240  ml'  prescription  bottles  in  MEM  at  37 C  and 
had  undergone  an  unknown  number  01'  monolaser 
transfers  were  used  as  starter  cells  for  suspension  cul¬ 
tures.  The  monola>er  cultures  were  topsinleed.  resus- 
peiKkd  in  400  ml  of  suspension  medium  at  a  concen¬ 
tration  of  5  X  10'  celb  mL  and  then  transferred  to  the 
jacketed  Bellco  spinner  vessels.  Culture  vessels  were 
placed  on  a  Bellco  magnetic  stirrer  at  37  C.  During  the 
early  stages  of  adaptation,  there  was  clumping  of  edb 
and  attachment  of  the  celb  to  the  glass.  Thb  was 
counteracted  b)  topsinizing  the  edb  with  30  ml  of  a 
5'r  stock  solulian  of  trypsin  for  each  100  ml  of  suspen¬ 
sion  culture.  After  trypaniotion.  the  celb  were  rc- 
tiuted  from  suspaisian  by  cctHrifii^ing  for  10  mn  at 
300  y  g  and  rcsuspaidcd  in  fresh  medium  at  a  con- 
cemration  of  5  X  lO'  ceBs  mL 

In  the  early  stages  of  adaptation,  the  generation 
lane  was  approumatdy  37  hr;  however,  after  30  days 
or  10  comiiicie  modnim  changes  the  gmeraiian  tanc 
wasahoMi  24  hr.  After  passages  of  the  ods  liar  30  days 
as  SHSpennon  culhacs..  a  od  oonccntraiMn  of  i  .5  X 
10*10  23  X  10=-  Ril«asct<aaKdafiera2-day  growth 
penod 

fmomamm  were  gnmn  froen  an  aMol  oaocen 
iratwndf  $  X  lO- eels  per  ni  to  a  aaaunann  ooaKcn 
irauanefl  5  X  l<^  to 22  X  K^odsperndm  3 days 
The  sfwnna  cdk  were  wMmly  arymaarued  and  cain 
figed  at  300  *  r  >0  mrjhwgi 

was  wMcd.  khr  exnnnbgrJ  ods  were  swspagoJ  10  a  od 
conoeMrataan  to  2  X  eds  per  nd  ra  aORnd 
<4  oaher  Iroai  VllUS  oc  mefc—  m  IV  lewrv 
ivfwned  ods  were  irandtmeJ  to  ddwr  XU  ai  gclns 


spinners  or  1 .000-ml  Erlenmeyer  shaker  flasks.  To  each 
400  ml  of  resuspended  celb.  0.8  ml  of  virus  seed  was 
au2‘*d.  giving  an  initial  or  zero-hour  titer  of  approxi¬ 
mately  2  X  10*  to  3  X  10*  50' ,  suckling  mouse  intra¬ 
cerebral  leihal  doses  (SMICLD;*)  ml.  The  pH  of 
the  growth  me-J'um  was  maintained  within  the  range 
of  7.2  to  7.4  by  periodic  ?H<liiions  of  sterile  5' , 
NaHCOi  solution. 

Viras  assay.  Samples  of  chikungunya  virus  were 
diluted  serially  10-fold  in  Heart  Infusion  Broth 
<Dilco>.  For  S.MICLD.*  titialioi>.  0.03  ml  of  each 
dilution  was  inoculated  intiaccrebrally  into  I  -day  -old 
suckling  mice.  8  mice  for  each  dilution.  1 1.-  LD..  was 

Tabu  2.  tfret  of  aumorr  of  cells 
on  vims  projuction 


.  «ll 

\rr  «■ 
tur- 

V'im«  life* 

>\lln.tH'  wi 

5  •  10 

24 

*  7 

5  •  lO- 

24 

•i  6 

SO* 

24 

>10  0 

2  •  lO” 

24 

>!0  0 

lO- 

2* 

in  9 

>  in. 

■  I  i 

3  •  Itf 

2* 

II  1 

4  •  Itf 

2« 

II  5 

lO- 

•> 

Ht  7 

2  •  Kf 

;2 

W  5 

t  .  Hf 

;2 

10  6 

X  •  io< 

;2 

If  1 

'SUKID.,.  5ir,  Mtdhng  anowi*  ia:raorrc 
bral  IdnidAw 
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Table  3.  yinis  harvests  with  standardized  BHK-21  cell  concentration" 


E;spt 

Medium 

No.  of  BIIK  cells 

1  per  ml 

Time  (hr)  after 
inoculation 

Virus  titer 
SMICLDm 

l 

Spent  MEMS  plus  lO'  j  calf 
serum 

2.1 

X 

10« 

30 

II. 8 

2 

199  plus  5'’;  calf  serum 

2.1 

X 

10« 

28.5 

11.8 

3 

199  plus  5'  J  calf  serum 

2.1 

X 

10‘ 

28.5 

11.6 

4 

199  plus  5'  i  calf  serum 

1  2.0 

X 

10« 

28 

11.1 

5 

199  plus  5' calf  serum 

2.0 

X 

10« 

30 

10.5 

6 

Fresh  MEMS  plus  lO'';  calf 
serum 

2.0 

X 

I0« 

!  34 

10.4 

7 

Fresh  MEMS  plus  10'  , '  calf 

2.0 

X 

10« 

34 

10.3 

serum 


°  MEMS,  Eagles  minimum  essential  medium  Tor  suspension  cells;  SMICLD:,ii,  S09c  suckling  mouse  in¬ 
tracerebral  lethal  dose. 


calculated  by  the  Reed  and  Muench  method  after  a 
lO-day  observation  p>eriod. 

RESULTS 

Preliminary  studies  on  the  growth  of  chikun- 
gun}a  virus  in  BHK-21  suspension  cells  in  differ¬ 
ent  media  are  shown  in  Table  I .  The  data  show 
that  cells  in  spent  MEMS,  fresh  MEMS,  or 
medium  199  can  be  used  for  virus  propagation. 
Samples  obtained  at  designated  time  intervak 
showed  that  maximal  titers  were  obtained  approx¬ 
imately  28  to  30  hr  postinoculation.  Table  2 
shows  virus  yield  as  a  function  of  number  of  cells. 
The  data  indicate  that  a  cell  concentration  of  10* 
to  2  X  10*  per  ml  should  be  used  to  obtain  h^ 
yields  of  virus.  Although  the  titers  obtained  by 
using  4  X  10*  per  ml  are  higher,  it  was  difficult  to 
maintain  the  pH  of  12  to  7.4  throughout  the 
growth  cycle.  Table  3  shows  virus  titers  of  seven 
trials  with  a  standard  cell  concentration  of  2  X  10* 
per  ml.  By  uang  cither  MEMS  or  medium  I99,the 
trials  were  harvested  when  the  viability  of  the  cells 
had  dropped  to  .30'^, .  Assays  obtained  for  these 
seven  trials  indicate  that  chikungunya  virus  titers 
of  10.3  to  11-8  logM,  SMiCLDi*  ml  can  be  ob¬ 
tained  in  28  to  30  hr  in  BHK-21  cells. 

DISCUSSION 

The  above  experiments  established  the  fcasi- 
Mlity  of  growing  chikungunya  virus  in  BHK  -21- 
done  13  ceil  suspension.  The  virus-rich  super- 
raianl  fluid,  after  centrifugation  at  200  X  g  to 
remove  celk.  a  good  Staffing  neters!  for 

purification  and  concentraiion  studies  because  of 
the  low  comeM  of  nonviial  nateiial  and  hiifa 
virus  Uer. 

The  use  of  BHK-21 -done  1 3  cefls  in  suspension 
cultures  provtdes  a  smple  and  eIRcient  method 
(or  vvus  pnopngiiinn  HatuAng  of  cuhurc;  ts 
ranumal  because  the  mnhim  has  suflksem 


nutrients  for  the  growth  cycle  of  both  the  cells 
and  the  virus. 

Based  on  the  titer  of  chikungunya  virus  by  the 
plaque  technique  as  described  by  Igarashi  and 
Tuchinda  (11),  the  plaque-forming  units  of  a 
sample  were  of  almost  the  same  degree  of  magni¬ 
tude  as  LDm  measured  by  SMICLDj«  titration. 
A  comparison  of  the  virus  titers  (plaque-forming 
units)  from  monolayer  cultures  of  chick  fibro¬ 
blasts  (3)  or  FL  cells  (13)  with  titers  (SMlCLDj*) 
obtained  from  suspension  cultures  of  BHK-21 
clone  13  cells  demonstrates  that  hi^er  titers  can 
be  obtained  from  suspension  cultures.  The  data  in 
Table  2  show  that  virus  yield  from  BHK  suspen¬ 
sion  cultures  is  directly  proportional  to  the  cell 
number,  so  a  significant  increase  in  virus  titer  per 
milliliter  is  obtained  by  using  hi^  concentrations 
of  BHK  cells. 
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